Results: Only 29.8% (28/94) was prenatally diagnosed and 52.0 (52/100) had associated anomalies including major congenital heart disease (CHD), abnormal chromosome, and others. According to the operation, primary anastomosis was performed 57.0% (57/100) and the staged operation was performed 34.0% (34/100). Survival rate in the neonatal period was 89.0% (89/ 100), and overall survival rate was 78.0% (78/100). According to the Spitz classification, if patients with associated anomalies were excluded, survival rate of Group 1 (>1500 g and no CHD) was 93.8% (61/65), Group 2 (<1500 g or CHD) was 68.4% (13/19), and Group 3 (<1500 g and CHD) was 50% (1/2). Conclusion: EA was proved to be rarely diagnosed prenatally. Primary outcome of the Group 1 and Group 3 in Spitz classification were fairly good, but Group 2 was worse as ever. The comprehensive treatment strategy for EA patients with birth weight under 1500 g or CHD should be reconsidered to improve the overall outcome.
INTRODUCTION
Esophageal atrasia (EA) is a malformation occurring in 1: 2500 births, and its outcome has been improved since its initial identification [1, 2] . Spitz et al. examined the prognostic classification of EA in 1994, both the birth weight under 1500 g and the congenital heart anomaly were recognized as the most valuable prognostic factors [3] . This classification system has proven to be clinically useful for treatment stratification, counseling parents, and comparing outcomes between institutions and the nations [4] [5] [6] [7] [8] . With many advances in the fields of neonatal intensive care, nutritional support, anesthesiology and surgical management during the last decade, recent reports have reviewed the patient outcome for EA during the periods between these decades, and documented some improvements in outcome [8, 9] .
Recent reports have documented that the predictors for adverse outcome changed, with cardiac anomalies becoming the most important risk factor [3, 6, 9, 10] . And other reports have stated that the birth weight <1500 g showed no significant difference when compared to the patients with birth weights >1500 g [6] .
However, the operative strategy for the EA patients with the presence of the concomitant congenital heart disease might be different and the multi-disciplinary consideration should be given to improve the morbidity and the mortality [11] . And the initial operative strategy for the high-risk, very low birth weight (VLBW) infant also remains controversial and continues to be a surgical challenge [12, 13] .
Herein, the aim of this study was to validate the recent profile and outcome of the neonates with EA, treated in the Kyushu area of Japan over the last 5 years, and also to validate the operative strategy and the outcome of the EA patients classified by the Spitz classification.
PATIENTS AND METHODS
We sent questionnaires to the Department of Pediatric Surgery at representative institutions throughout the Kyushu area of Japan. The questionnaires were designed to collect data on the current profile and outcome of patients with EA.
Twenty two out of 24 institutions (92%) answered our questionnaires. Among 105 patients for whom data were obtained, 100 (95%) patients were included in this study. Five patients were excluded because there had not written the primary outcome. Primary outcome was defined as the patient's survival for 6 months after the first operation. Patient demographics, the presence of associated anomalies, initial operative treatment and outcomes were examined. Associated anomalies involved chromosomal abnormalities, congenital heart disease (CHD), anorectal, gastrointestinal, genitourinary, digital, and VACTERL (vertebra, anorectal, cardiac, tracheo-esophageal, radial/renal, limb) and others. CHD was defined as a disease that required medical or surgical treatment. A diagnosis of VACTERL association was made if three or more components of the association were present.
Chi square tests ( 2 ) were used to compare the categorical variables between the alive group and the died group, and the threshold of significance was considered to be P < 0.05.
RESULT
The data from a total of 100 EA patients was collected from the cooperating institutions. Twenty-eight out of 94 (30%) patients were diagnosed prenatally. There were 59 males and 41 females. With regard to birth weight, twenty one (21%) infants weighed less than 1500 g, thirtyseven (37%) more than 1500 g but less than 2500 g, and forty-one (41%) weighed more than 2500 g. A total of fifty-two patients (52%) had associated anomalies, including twenty-three (23%) with CHD, nine (9%) with anorectal, seven (7%) gastrointestinal, six (6%) genitourinary, and three (3%) digital abnormalities, two cases (2%) had a VACTERL association, one (1%) had an omphalocele, and ten (10%) other anomlies were not written in detail. Thirteen patients (13%) had chromosmal abnormalities, including two trisomy 21 patients, six trisomy 18 patients, one partial trisomy 3 patient, one mosaic pattern of chromosome 14. Three chromosomal abnormalities were not written in detail.
According to the anatomical variations with EA, ninety (90%) patients had EA with a distal traceo-esophageal fistula (TEF), six (6%) patients had isolated EA, three (3%) patients had EA with proximal and distal TEF, and one (1%) patient had TEF without EA. Figure 1 shows the treatments used for the EA. One patient did not receive any surgery due to the presence of a lethal chromosomal abnormality, trisomy 13. Fifty-seven out of 99 (58%) patients received a primary anastomosis and thirty-four (34%) out of 99 patients received a staged operation. A total of 8 patients received a palliative operation, including a gastrostomy, tracheostomy, or gastrostomy with esophageal banding.
The overall survival rate was 78%, where one patient died without surgery (trisomy 13), 10 patients died within 30 days after the operation, and 11 patients died more than 30 days after the operation. The comparisons between the alive group and the died group were shown in Table 1 . Birth at the gestational age <33 weeks, birth weight under 1500 g, trisomy 18 and primary repair were significant prognostic factors. Among them, only primary repair was the favorable prognostic factor.
The comparisons of outcome for EA according to the Spitz classification were shown in Table 2 . In this study, the survival rate in Group 1 (birth weight > 1500 g, no CHD was 92.5% (62/67), Group 2 (birth weight < 1500 g or with CHD) was 58.6% (14/26) and Group 3 (birth weight < 1500 g and with CHD) was 12.5% (1/7), respectively. In this study, thirteen patients with chromosomal abnormalities were included and when these patients were excluded from the study, survival rate in Groups 1, 2 and 3 became up to 93.8% (61/65), 68.4% (13/19) and 50.0% (1/2), respectively.
DISCUSSION
The preoperative prognostic classification is important for giving clinicians and parents a realistic prognosis for children, and to compare results among institutions. In 1994, Spitz et al. proposed a new system of risk classification, using both major cardiac anomalies and low birth weight as preoperative risk factors [4] . Almost two decades have passed since this proposed classification, and there have been many advances in perinatal and neonatal intensive care, including the centralization of perinatal support, transport systems, nutritional support and the management of respiratory distress syndrome, which have contributed to the further improvement of outcome in patients. In fact, Lopez et al. reported data analyzed using this Spitz classification, and documented a significant improvement in Group 2 infants, thus speculating that the improved survival was the result of advances in the management of the low-birth-weight infants [8] . However, the operative strategy for the EA with CHD or with VLBW infants still remains controversial and affects the outcome. Indeed, birth at the gestational age < 33 weeks, birth weight under 1500 g and trisomy 18 were significantly bad prognostic factors in our study. And the survival rates in Groups 2 and 3 were lower, compared to the recent study reported in the literature. However, the numbers of patients who had chromosomal abnormalities were relatively higher in this study, it might be difficult to compare. According to treatment strategy for the EA with CHD, Encinas et al. documented the low rate of diagnose for the cardiac anomalies before EA operation and showed relatively higher mortality in Spitz classification [10] . And Hayashi et al. described the treatment strategy for their 6 EA patients with CHD. In their study, they stated that surgical repair of EA usually performed ahead of palliative cardiac surgery for CHD, although the necessity of cardiac surgery in the early neonatal period should be anticipated for patients with duct-dependent circulations [11] . Because CHD associated with EA contains a wide variety of types and levels of severity, it is important to realize that the treatment strategy should be tailored to each patient and the multidisciplinary consideration should be given to improve the morbidity and the mortality.
According to the operative strategy for the VLBW infant, there also remains controversial. There is no definition or criteria about the appropriate body weight for primary anastomosis. And those VLBW infants with associated congenital anomalies as well as infants with severe respiratory distress syndrome are less likely to tolerate single lung ventilation and the operative time required to perform the primary repair [12, 13] . Although Choudly et al. stated that low birth weight does not affect the outcome [6] , Petrosyan et al. showed the significantly lower complication rate of anastomotic complications and overall morbidity should be considered to be the preferable surgical approach to the VLBW infants [13] . Prospective study will be needed to conclude the efficacy of the treatment strategy for EA with VLBW infant. This study included 13 EA patients with chromosomal abnormalities. And when the chromosomal abnormalities were excluded from this series, survival rates in the Group 2 and the Group 3 increased. Several reports documented that EA with lethal congenital anomalies for whom surgery would be of no benefit [3, 8] . Those include major cerebral anomalies, Grade IV intraventricular hemorrhage, pulmonary atresia, trisomy 18, and complex CHARGE syndrome [3, 8] . These data deletion of the patient number should be cautioned because the outcome will be easily changed to better and therefore, the selection bias will be occurred.
One of the limitations of this study was that this study was the query formation, so that there exist as the limitation of the detailed analysis. And the other limitation was that the treatment strategy for EA was definitely different in each institution. Nevertheless, this study described the recent issue around EA patients which will continue to be discussed for future. To elucidate the proper treatment for the EA, centralization and the tailored treatment strategy might be needed in Kyushu area.
In summary, we have herein described the characteristics and outcomes of EA patients treated in the Kyushu area of Japan. Primary outcome of the Group 1 in Spitz classification was fairly good, but Group 2 was worse as ever. The comprehensive treatment strategy for EA patients with birth weight under 1500 g or CHD should be reconsidered to improve the overall outcome.
